To maximize economic gain in sheep production systems it is critical to adjust feedlot diets to maximize performance while minimizing feed, and especially concentrate, waste. Little information is available on ideal diets for crossbred ewe lambs. Therefore, this study aimed to evaluate the performance of feedlot crossbred ewe lambs, and the digestibility of diets, with increasing levels of concentrate during the growing and finishing phases. Twenty-four crossbred Texel × Pantaneira Texel ewe lambs were confined and fed Tifton hay with increasing levels of concentrate in the diet (20, 40, 60 and 80%) for individual evaluation of dry matter intake (DMI), digestibility of diets, average daily gain (ADG) and feed efficiency (FE). Animals were slaughtered at 47 kg. In the growing phase, the inclusion of concentrate in the diets (1176 g.kg -1 ) did not change DMI (p > 0.05). Concentrate levels had a quadratic effect (p < 0.05) on the dry matter digestibility coefficient (DMDC) and on total digestible nutrients (TDN) during the growing phase. In the finishing phase, there was a negative linear effect of concentrate levels on DMI (p < 0.05), but TDN intake was similar among the experimental diets (p > 0.05). DMDC and TDN values displayed a quadratic behavior (p < 0.05), plateauing at 60% concentrate. ADG and FE increased as concentrate was added to the diet in the growing phase (p < 0.05). During the finishing phase, lamb performance was similar (p > 0.05) for different diets. Thus, the use of 60% concentrate in the confined crossbred ewe lamb diet during growing and 20% concentrate during finishing is recommended. Key words: Feedlot. Digestibility coefficient. Intake. Weight gainh.
Introduction
Nutritional management in feedlot, with diets with a high proportion of concentrate and high content of total digestible nutrients, is critical to allow sheep to express their maximum genetic potential for nutrient use and performance (FRESCURA et al., 2005) . In the growing phase, feedlot confinement usually aims to ensure reproductive precocity of females and to decrease the slaughter age of males. However, in the finishing phase, confinement of lambs and cull ewes focuses on supplying diets with high energy density to promote performance, resulting in carcasses that attain the fat cover requirements of the meat packing industry (CARASSAI et al., 2008; CUNHA et al., 2008) .
In general, the more digestible diets provided in feedlot promote dry matter intake, but there is a physiological limit to the digestion and absorption of nutrients, related to the energy and protein requirements of the animal. The recommended amounts of concentrate and other ingredients for male lamb diets are well established in the literature (KOZLOSKI et al., 2006; MORENO et al., 2010; CARVALHO et al., 2015) . However, those have reduced applicability in diets for crossbred females, as there are differences between the sexes in the growth and development rates of tissues in the growing and finishing phases (OWENS et al., 1993) , resulting in different diet utilization efficiencies, even when considering individuals with the same weight, due to the differences in body composition.
Ascertaining the nutrient utilization capacity in ewe lambs is essential to determine the limits of diet utilization and to avoid supplying excessive concentrate, with potential harmful effects, such as acidosis and decreased digestibility due to a higher grain throughput rate. Determining the appropriate level of concentrate in the animal diet can also prevent feed waste in the feedlot and improve performance during the growing and finishing phases (GERON et al., 2013) . Thus, this study aimed to evaluate the performance of feedlot crossbred ewe lambs and the digestibility of diets with increasing levels of concentrate during the growing and finishing phases.
Materials and Methods
The experiment was conducted at the Animal Metabolism Laboratory at the Universidade Federal Mato Grosso do Sul (UFMS) Faculty of Veterinary Medicine and Animal Science, in Campo Grande, MS, Brazil, between the months of August and December, totaling 128 days of confinement.
Twenty-four crossbred (Pantaneira × Texel) wool ewe lambs were used, weighing 24.6 ± 3.3 kg and with 4 ± 1 months average initial age. The experiment was conducted after approval by the UFMS Ethics Committee on Animal Use (filing # 235/2009 ) and the care and use of ewe lambs were performed according to the standards for the use of animals in exp eriments.
The animals were distributed in individual stalls and four levels of concentrate in the diet were evaluated (20, 40, 60 and 80%) during the growing (September to October) and finishing (October to December) phases. The roughage used was Tifton 85 (Cynodon spp.) hay, milled through a 1 cm sieve. The concentrate composition was ground corn, soybean meal, dry brewer's yeast, powdered sugar cane molasses, vitamin-mineral premix, dicalcium phosphate, calcium carbonate, sodium bicarbonate and urea. The diets were formulated according to NRC (2007) to yield a weight gain of 100, 150, 200 and 250 g.animal -1 .day -1 for the 20, 40, 60 and 80%concentrate levels, respectively (Table 1) .
At the beginning of the experiment, the animals were weighed, treated against ecto-and endoparasites (Closantel®, Cidectin® and Baycox®) and distributed in 3 m 2 individual stalls, with trough and drinking fountain. During the 28 days of adaptation, each animal was provided with hay and gradually increasing dosage of concentrate, up to the level set for each diet. Urea was added to the 20, 40 and 60% concentrate diets (at 2.36, 1.57 and 0.79 g.animal -1 .day -1 , respectively). The animals were fed twice a day, at 8 am and 2 pm (60% of total feed in the morning and 40% in the afternoon). The feed supplied to each animal was adjusted daily based the food refusals, which were kept at 10% of the offered, to assure voluntary consumption. Mineral supplement and water were provided ad libitum to the animals.
During the experiment, five feces collections were performed to determine the nutrient digestibility coefficient. Three collections were during the growing phase and two during the finishing phase, with 13 day intervals between collections of each phase. Stool samples were obtained over 48 hours with collecting bags, to determine the total fecal output and to obtain a representative amount of feces to be sampled. When the weight of the stool of an animal exceeded 100 g, the material was homogenized and a 50 g sample was used; if the stool collected weighed less than 50 g, the sample was made up of all the collected material. Samples of hay, concentrate and food leftovers from each trough were also collected in the feces collection days. All this material was identified, and then stored at -20°C in a freezer for further analysis.
The chemical analysis of the samples was carried out at the Universidade Federal do Mato Grosso do Sul Laboratory of Animal Nutrition. After predrying, each sample was ground in a knife mill, with a 1 mm sieve, and analyzed for dry matter (DM), mineral content (MC), crude protein (CP), ether extract (EE), neutral detergent fiber (NDF), acid detergent fiber (ADF), insoluble nitrogen in neutral detergent (INND) and insoluble nitrogen in acid detergent (INAD) as described by Silva and Queiroz (2002) . For determination of Tifton grass hay nonfiber carbohydrate content (NFC), the equation used was: NFC = OM-(CP + EE + NDF -CP urea + urea) (HALL, 2000) . Total digestible nutrients (TDN) were estimated according to NRC (2007) 
The animals were weighed at the beginning and at the end of growing (40 days of confinement) to obtain the initial body weight at fast in the growing phase. The initial weight of the finishing phase (60 days confinement) was equivalent to the final body weight of the growing phase. Average daily gain (ADG) was calculated, in the growing and finishing phases, as the ratio between the total weight gain and the number of days of confinement in each phase. Feed efficiency (FE) was calculated by the ratio of ADG (kg.day ) and dry matter intake (kg. day -1 ). Hall (2000) : NFC = 100 -[(CP-CP derived from urea + urea) + NDFp + EE + ash]; NFC = non-fiber carbohydrate; CP = crude protein; NDFp = neutral detergent fiber corrected for protein; EE% = ether extract.
The experimental design was completely randomized with six replicates per treatment. Data were analyzed with a repeated-measures model, with each animal representing an experimental unit. The body weight of animals at the end of the experiment was included in the model as a covariate. The linear effects (CLE) and quadratic effects (CQE) of concentrate levels in the diet were evaluated by the decomposition of the sum of the squares for each treatment, through orthogonal contrasts (STEEL et al., 1997) .
After identifying significant effects, the equations were adjusted for prediction of the response variables from the concentrate level. We used the PROC MIXED routine of the SAS v. 9.2 software (SAS INST. INC., 2009) to evaluate the effects and the PROC REG routine for adjustment of prediction equations. The significance level for statistical analyses was 5%.
Results and Discussion
This study investigated the response of feedlot crossbred ewe lambs to increasing levels of concentrate in the diet regarding both performance and digestibility. The effects of these diets were evaluated in the growing and finishing phases. Increasing levels of concentrate had no effect (p >0.05) on dry matter intake (DMI) or organic matter intake (OMI) during the growing phase (Table 2) . ), but a negative effect (p <0.05) on the intake of neutral detergent fiber (NDF) and acid detergent fiber (ADF). The 80% concentrate treatment had 16% more energy content available (TDN) than the 20% concentrate treatment. This was expected, as the proportion of each nutrient increased with the level of concentrate in the diet (Table 1) . However, although energy availability increases with the proportion of concentrate in the diet, nutrient utilization is not always proportional to the level of concentrate. Table 2 . Least-squares mean, standard error, linear effect (LE) and quadratic effect (QE) of increasing levels of concentrate in the consumption of nutrients by crossbred lambs in the growing phase.
Variables
Concentrate This was reflected in the quadratic effect (p <0.05) of dietary concentrate levels on the digestibility coefficients (DC) DMDC, OMDC, CPDC, EEDC, NFCDC, NDFDC, and ADFDC, and on TDN values observed for ewe lambs in the growing phase (Figure 1) . The values of CPDC, EEDC, NFCDC and TDN observed are consistent with the behavior of DMDC and OMDC; however, the reductions in NDFDC and ADFDC are unrelated to them. Diet digestibility reached a plateau, indicating that the inclusion of 60% concentrate in the diet during the growing phase is enough to promote the efficient use of nutrients and maximize energy intake ( Figure  1 ).
Above 60% concentrate, TDN values remain stable, suggesting that the animals reached a physiological limit for concentrate utilization, possibly due to limitations in pancreatic amylase production, limiting carbohydrate degradation and absorption capacity of the intestine of the ruminants (OWENS et al., 1986) . This implies that providing concentrate above this proportion is unnecessary. Naturally, other components of the production system should be evaluated to establish the optimal inclusion level of concentrate for the growing phase based on performance, as other factors besides nutrient digestibility, such as the adult size and body composition, affect the efficiency of dietary energy use for maintenance and weight gain (NRC, 2007) .
Concentrate levels had a quadratic effect ( Figure  1) on the values of neutral detergent fiber (NDF) and acid detergent fiber (ADF) digestibility (p <0.05). This contrasts with the expected negative linear effect, since, according to Silva et al. (2015) , adding concentrate to the diet of feedlot sheep can negatively affect pH, and thus growth and performance of the fibrolytic bacteria responsible for ruminal degradation of dietary fiber, reducing NDF and ADF digestibility. Possibly the quadratic effects observed for NDFDC and ADFDC are associated with a reduced intake of these components (Table  2) , and with an increase of protein concentration due to the inclusion of increasing levels of concentrate, as well as to the bicarbonate present. This may have helped maintain normal pH, establishing favorable conditions for ruminal degradation and contributing to improve digestibility by approximately 40%, even with twice the supply of NFC, compared to the diet with 20% and 60% concentrate (digestibility plateau). are associated with a reduced intake of these components (Table 2) , and with an increase of protein concentration due to the inclusion of increasing levels of concentrate, as well as to the bicarbonate present.
This may have helped maintain normal pH, establishing favorable conditions for ruminal degradation and contributing to improve digestibility by approximately 40%, even with twice the supply of NFC, compared to the diet with 20% and 60% concentrate (digestibility plateau). Figure 1 . Dry matter digestibility coefficient (DMDC), organic matter (OMDC), crude protein (CPDC), ether extract (EEDC), non-fibrous carbohydrate (NFCDC), neutral detergent fiber (NDFDC), acid detergent fiber (ADFDC) and total digestible nutrients (NDT) by crossbred lambs in the growing phase.
In the finishing phase, concentrate inclusion levels had a negative linear effect (p <0.05) on the intake of DM, OM, EE, NDF and ADF, in g.animal -1
.day -1 (Table 3 ). The reduced consumptions of EE, NDF and ADF are related to the lower DMI and OMI, which in turn may have been affected by the proportional increase of NFC (p <0.05) and by the lower content of other nutrients in the diet when greater proportions of concentrate were offered to the lambs. Bolzan et al. (2007) also observed the downward trend of the NDF intake as the concentrate level increased for feedlot lambs fed with diets with increasing levels of concentrate. In the finishing phase, concentrate inclusion levels had a negative linear effect (p <0.05) on the intake of DM, OM, EE, NDF and ADF, in g.animal -1 . day -1 (Table 3 ). The reduced consumptions of EE, NDF and ADF are related to the lower DMI and OMI, which in turn may have been affected by the proportional increase of NFC (p <0.05) and by the lower content of other nutrients in the diet when greater proportions of concentrate were offered to the lambs. Bolzan et al. (2007) also observed the downward trend of the NDF intake as the concentrate level increased for feedlot lambs fed with diets with increasing levels of concentrate.
The NDF levels in the diets highest in concentrate (Table 1 ) indicated no lack of effective fiber (necessary for pH maintenance and microorganism survival) which could compromise the degradation of fibrous and non-fibrous components and reduce TDN intake. The 80% concentrate diet had 39.7% NDF, well above the minimum content of physically effective NDF for a proper functioning of the rumen, which must be at least 20% (KOZLOSKI et al., 2006) .
Increasing levels of concentrate did not affect TDN intake (p >0.05), even with the reduction in DMI. This is likely related to the higher energy density of diets with high proportions of concentrate, and to the positive associative effect of the feed ingredients. The metabolizable energy demand of the animal to meet maintenance and weight gain requirements determines TDN intake (NRC, 2007) . In this work, TDN intake supported the total requirements of animals regardless of the variation in body weight at finishing (33-50 kg). In the finishing phase, a quadratic effect of concentrate levels was observed on the DM, OM, CP and TDN digestibility coefficients (Figure 2) . neutral detergent fiber; ADF: acid detergent fiber; TDN: total digestible nutrients.
Increasing levels of concentrate did not affect TDN intake (p >0.05), even with the reduction in DMI. This is likely related to the higher energy density of diets with high proportions of concentrate, and to the positive associative effect of the feed ingredients. The metabolizable energy demand of the animal to meet maintenance and weight gain requirements determines TDN intake (NRC, 2007) . In this work, TDN intake supported the total requirements of animals regardless of the variation in body weight at finishing (33-50 kg). In the finishing phase, a quadratic effect of concentrate levels was observed on the DM, OM, CP and TDN digestibility coefficients (Figure 2 ). .day -1 ) was 50% higher than in the diet with 20%
concentrate (Tables 1 and 3 ). ADF digestibility coefficients declined (p <0.05) with increasing concentrate levels in the finishing phase diets. Thus, lignocellulose fraction degradation was impaired by increasing levels of concentrate. On the other hand, there was no effect of concentrate levels on NDF digestibility
The values of crude protein and TDN digestibility are consistent with the behavior of the DM and OM digestibility coefficients, but, as in the growing phase, in the finishing phase the nutrient digestibility values reached a plateau (at the 60% concentrate level). NFC digestibility increased linearly (p <0.05) with increasing concentrate levels in diets. This was expected, as the share of this component in the diet with 80% concentrate, as well as its consumption (g.animal -1 .day -1 ) was 50%
higher than in the diet with 20% concentrate (Tables  1 and 3 ). ADF digestibility coefficients declined (p <0.05) with increasing concentrate levels in the finishing phase diets. Thus, lignocellulose fraction degradation was impaired by increasing levels of concentrate. On the other hand, there was no effect of concentrate levels on NDF digestibility coefficients (p >0.05), indicating that degradation of hemicellulose was not affected. There was also no effect of concentrate levels (p >0.05) on ether extract digestibility coefficients in the finishing phase ( Figure 2 ).
The nutrient digestibility and TDN values indicate that 60% concentrate in the diet of ewe lambs in the finishing phase is enough to promote the efficient use of nutrients and maximize energy intake (TDN). Higher levels (80%) result in similar digestibility coefficients, suggesting that investing in higher levels of concentrate may be a waste of feed. Prediction equations were calculated to estimate levels of concentrate promoting maximum nutrient digestibility coefficient and TDN in the growing and finishing phases of the ewe lambs (Table 4) . Table 4 . Regression equations the digestibility coefficients of nutrients in crossbred lambs fed with increasing levels of concentrate in the growing and finishing phases.
Equations
Growing phase N SRMSE R To obtain maximum digestibility values for CP (83%) EE (81%), NFC (93%) and ADF (63%), concentrate must be included in the diet during the growing phase at 64.3, 75.9, 61.8 and 49 .8%, respectively. The prediction equations for DM, OM, TDN and CP digestibility coefficients in the growing phase, with determination coefficients 83.4, 83.6 and 83.0, respectively, allow a precise estimation (low RMSE) of the proportion of concentrate in the diets. The maximum digestibility coefficients for DM (75.37%) and OM (77.74%) were obtained, from the equations, with 86.17% and 87.83% concentrate in the diet, respectively. The maximum TDN value (77%) in the growing phase can be achieved by including 71.5% concentrate in the diet, and the highest CP digestibility coefficient in the finishing phase (82.7%) can be achieved with 66.3% concentrate in the diet. The prediction equation for TDN has a coefficient of determination of 79.2%, allowing precise (low RMSE) estimation of the TDN content in the diet from the level of concentrate added. According to this equation, adding 72.3% concentrate to the diet will result in 78% TDN, which is the diet digestibility plateau for ewe lambs in the finishing phase.
Although dry matter intake was similar between treatments (Table 2) , average daily gain (ADG) and feed efficiency (FE) increased with concentrate levels (p <0.05) in the growing phase (Table 5) . These results were associated with increasing nutrient digestibility coefficients and TDN ( Figure  1 ) that contributed to increase the intake and absorption of nutrients in the gastrointestinal tract and availability of digestible energy to the animal. Multiplying TDN by 4.4 yields the digestible energy content of the diet (DE), which, when multiplied by 0.82, yields the metabolizable energy (ME) available to meet the animal growth and maintenance requirements (NRC, 2007) . Thus, theoretically, the higher the concentrate level and the TDN value, the higher the DE and ME content of the diet. However, TDN values from the digestibility trials in this study displayed a quadratic behavior (Figure 1) , whereas, as discussed above, the results of weight gain and feed efficiency grew linearly (p <0.05). Thus, the maximum TDN value obtained during the growing phase (77%) was achieved with 60% concentrate, but the animals that received 80% concentrate had on average a 12% higher weight gain than those fed 60% concentrate.
Based on the quadratic effects on the digestibility coefficients, ADG and FE should have displayed a behavior similar to TDN. However, other reasons, discussed below, may justify the performance observed. Ewe lambs fed 80% concentrate in the growing phase probably used digestible energy (DE) in the diet more efficiently than those subjected to other conditions, especially those fed 60% concentrate (TDN plateau), due to the reduction of caloric increment promoted by diets with high concentrate ratios. Thus, diets with 80% concentrate possibly provided more ME for maintenance and tissue deposition, resulting in increased weight gain and feeding efficiency, even with the maximum TDN being similar to that achieved with 60% concentrate (Figure 1) . Thus, to explore the potential for efficient use of diets by the animals and, at the same time, reduce investment in concentrate, the inclusion of 60% concentrate in the diet is enough to ensure good results of diet digestibility in growing phase ewe lamb production systems. However, if the producer aims to accelerate weight gain rates, in order to reach the finishing or reproduction phase faster, 80% concentrate yields better results.
Concentrate levels had no effect (p >0.05) on ADG and FE in ewe lambs in the finishing phase. Animals in this phase had body weight above 33 kg, close to the adult size for the species (MALHADO et al., 2008) . Although, regardless of concentrate levels, all animals might be considered adults, the final body weight variation resulted from increased tissue deposition during the growing phase, resulting in differences in body composition among these animals.
During the finishing phase, body weight increased by about 8 kg, as a result of similar TDN intake (Table 3 ), but energy partition to meet maintenance and gain requirements were different, as the animals supplemented with 80% concentrate deposited a larger proportion of fat (CACERE et al., 2014) . Smaller body size animals in this study demanded less metabolizable energy requirements for maintenance, but higher estimated metabolizable energy requirements for weight gain (MORAIS et al., 2016) . In the growing phase requirements for weight gain are higher because in lighter animals muscle tissue synthesis predominates, and this is considered a less energy efficient process due to increased deposition of water (OWENS et al., 1993) .
On the other hand, due to their larger size, the ewe lambs treated with 80% concentrate in the finishing phase had higher metabolizable energy requirements for maintenance, reducing the availability of net energy for gain (MORAIS et al., 2016) . According to MORAIS et al. (2016) , the largest ewe lambs, supplemented with 80% concentrate, used TDN similarly to the ewe lambs subjected to other treatments, but as they continued depositing higher proportions of fat, a more efficient biochemical process than muscle tissue synthesis, those animals achieved more weight gain for the same net energy. According to Owens et al. (1993) , the greater the proportion of fat in the growth, the higher the weight gain. For each gram of protein deposited 5.6 kcal are retained, compared to 9.4 kcal retained for each gram of lipid deposited. Thus, as the animal approaches mature size, even if it is fed diets with similar energy content in the growing and finishing phases, it uses more of every kcal provided by the diet for fat deposition.
Besides the increase of body fat deposition, increasing levels of concentrate resulted in a significant increase in the thickness of the carcass fat cover, as Cacere et al. (2014) showed when evaluating the carcass characteristics of animals in this work. According to those authors, adding 80% concentrate to the diet caused excessive thickness of subcutaneous fat on the carcass, compared to ewe lambs fed with 20% concentrate (7.41mm vs. 2.24 mm). Together, these results indicate that supplementation with 20% concentrate in the finishing phase is sufficient to provide satisfactory performance and ensure the minimal carcass finish required by the meatpacking industry.
Conclusion
The use of 60% concentrate in the diet of feedlot crossbred ewe lambs during the growing phase, and 20% concentrate in the finishing phase are recommended to maximize nutrient utilization, performance and to prevent feed waste.
